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o t Hah f P " and v. the ? eri P heral P«t of the laser beam and shifting 
both of the light by giving the phase difference of 1/2 X is made to intervene in 
the optical path of the beams 12 in the filter 15. intervene in 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the confocal microscope using the phase contrast 
pinhole mold optical element and this which insert into the optical path of a confocal mold microscope, . 
and can attain the high resolution of an image. 
[0002] 

[Description of the Prior Art] The conventional laser confocal microscope (trade name; SiSCAN) The 
light which came out of the light source is condensed at a pinhole with a lens that a two-dimensional 
measurement image should be generated. When the light which passed through the pinhole is condensed 
to a body side with an objective lens and the specular reflection light from a body passes the same 
pinhole (or the first pinhole and the pinhole in a location [****]) again through the same optical path 
The reflected light which is not to the point is cut at a pinhole, only the reflected light whose focus 
suited correctly is passed, and he detects the reflected light by the photo multiplier suitably, and is trying 
to obtain the two-dimensional image of a sample. 
[0003] Drawing 3 explains this. 

[0004] The laser beam 12 by which outgoing radiation was carried out from laser oscillation equipment 
10 It is reflected 90 degrees with a reflecting mirror 11, and is made the linearly polarized light 
component of s or p by the beam splitter 13. With the beam expander 15 as a spatial filter It is first 
condensed with a convex lens 16, passes along a pinhole 17, and passes along 1 / 41ambda plate 18. 
With a collimate lens 19 It is referred to as beam 12a by which the diameter of beam size was expanded. 
With an objective lens 21 It condenses to a sample 23. The reflected light an objective lens 21 and a 
collimate lens 19 A passage, The reflected light which then [ return and ], is made into the circular 
polarization of light through 1 / 41ambda plate 18, and is not to the point at a pinhole 17 is cut, and only 
the reflected light whose focus suited passes along a convex lens 16, it is beam SUPURIDDA 13 and it 
is detected [ the polarization component of s or p is reflected and ] by the photo multiplier 14. 
[0005] Super resolution was realized by realizing the very shallow depth of focus by this laser confocal 
microscope. 
[0006] 

[Problem(s) to be Solved by the Invention] Although this is very effective in the sample which has 
height in the direction of an optical axis, it cannot demonstrate the ability completely to the sample 24 
which does not have height like a photo mask, for example (few). 

[0007] That is, although the depth of focus raises resolution using a very shallow property as for a laser 
confocal microscope, in the sample 24 without height like a photo mask, the effect by the diffraction of 
light is received as it is, the diffracted light serves as a noise, and there is a problem from which the 
image of high resolution is not obtained. 

[0008] Although what is necessary is just to make small spot size in the focal plane of a sample 24 in 
order to obtain high resolution, the laser beam 12 used for a confocal microscope Even if it has Gaussian 
distribution, and focusing of this laser-beam 12a tends to be correctly carried out to a sample 24 with an 
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objective lens 21, it is going to make a focal plane carry out image formation and it is going to detect 
that specular reflection light The minimum image formation spot size wO in a focal plane Since it is 
decided by the numerical aperture (NA) and wavelength lambda of an objective lens, image formation 
spot size cannot be made small beyond a diffraction limitation. 

[0009] Therefore, the spot size of the laser beam of the conventional confocal microscope is difficult to 
be bound to a diffraction limitation like the usual microscope, and to obtain the two-dimensional image 
of high resolution. 

[0010] Then, the purpose of this invention solves the above-mentioned technical problem, and the depth 
of focus is to offer the confocal microscope using the phase contrast pinhole mold optical element and 
this which can attain the degree of super-**** deeply. 
[0011] ~ < 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention of claim 1 is 
the phase contrast pinhole mold optical element which interposed the space phase filter which gives and 
shifts 1 / 21ambda phase contrast to both light while letting the light of the core of a laser beam, and the 
perimeter section pass to the optical path of a spatial filter. 

[0012] Invention of claim 2 is the phase contrast pinhole mold confocal microscope which interposed 
the space phase filter which 1 / 21ambda phase contrast is given [ filter ], and shifts both light to it while 
letting the light of the core of a laser beam, and the perimeter section pass to the optical path of the laser 
beam of a spatial filter in the confocal microscope for condensing a spatial filter for a laser beam to a 
sample through a through objective lens, and detecting the image of the sample for the specular 
reflection light through a spatial filter. 
[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable 1 operation of this invention is 
explained in full detail based on an accompanying drawing. 

[0014] In drawing 1 , the photo-multiplier (PMT) which detects the reflected light from which the 
reflecting mirror which 10 reflects laser oscillation equipments, such as helium-Cd laser, and 1 1 makes 
reflect the laser beam 12 from laser oscillation equipment 10 90 degrees, and 13 returned to the beam 
splitter, and 14 returned to the beam splitter 13, and 15 are the beam expanders which constitute a spatial 
filter, and mainly consist of a convex lens 16, 1 / 41ambda plate 18, and a collimate lens 19. The 
objective lens with which 21 consists of a concave lens 22 and a convex lens 23, and 24 are samples, 
such as a photo mask. 

[0015] In this invention, it is in having used the space phase filter 20 as a pinhole used as a spatial filter 
of this beam expander 15. 

[0016] As this space phase filter 20 consists of a glass substrate and it is shown in drawing 2 (a) It forms 
in the central hole 25 along which the core of a laser beam passes, and the hole 26 of the shape of a ring 
which passes along the perimeter section of a beam. So that the Cr film 27 may be formed except the 
hole 25 and 26, the middle of a beam diameter may be cut in a ring 28 and the wavelength difference of 
laser-beam 12i passing through the central hole 25 and laser-beam 12o which passes along the perimeter 
section may be set to l/21ambda It constitutes so that the thickness of glass may be changed and a phase 
shift may be carried out, and it is in having located and interposed this space phase filter 20 in the 
convex lens 16 side from the focal location of the convex lens 16 of the beam expander 15. 
[0017] The laser beam 12 by which outgoing radiation was carried out from laser oscillation equipment 
10 It is reflected 90 degrees with a reflecting mirror 1 1, and is made the linearly polarized light 
component of s or p by the beam splitter 13. With the beam expander 15 Laser-beam 12o which passes 
along the hole 26 of the perimeter section to laser-beam 12i which was first condensed with the convex 
lens 16, passed along the space phase filter 20, and passed along the hole 25 of a core there It is shifted 
so that about 1/2 wave of phase may be overdue, and it passes along 1 / 41ambda plate 18, respectively. 
With a collimate lens 19 It considers as the beam by which the diameter of core beam size was 
expanded. With an objective lens 21 It condenses to a sample 24, and it passes along an objective lens 
21 and a collimate lens 19, and the reflected light is made into the circular polarization of light through 
1 / 41ambda plate 18, and passes along the space phase filter 20 and a convex lens 16. By beam 
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SUPURIDDA 13 The polarization component of s or p is reflected and it is detected by the photo 
multiplier 14. 

[0018] As mentioned above in this invention, it forms in the central hole 25 where the core of a laser 
beam passes along the space phase filter 20 as shown in drawing 2 (a), and the hole 26 of the shape of a 
ring which passes along the perimeter section of a beam, and is in having been made to carry out the 
phase shift of the wavelength difference of both the laser beams 12 passing through holes 25 and 26 so 
that it might be set to l/21ambda. This becomes possible to make the beam spot below a diffraction 
limitation, and it becomes possible as a result to measure a sample at a spot with the deep depth of 
focus. 

[0019] Hereafter, drawing 2 and drawing 4 explain this in detail. 

[0020] Drawing 2 shows the case where the space phase filter of this invention is used, and drawing 4 
shows the case of the pinhole 17 of an aperture mold. 

[0021] As the optical intensity distribution of an image formation side were shown in drawing 4 (c) by 
having come to have shown the permeability to the optical axis of the laser which penetrates the pinhole 
1 7 shown in drawing 4 (a) in drawing 4 (b), it is low to the whole, and it turns out that optical 
reinforcement becomes low by interference of the diffracted light, so that a blooming will become large, 
if a blooming is changed by 0-1 .5 micrometers. 

[0022] On the other hand, as shown in drawing 2 , when the space phase filter of this invention is used, 
the permeability to the optical axis of the laser which penetrates the central hole 25 shown.in drawing 2 
(a) and the periphery hole 26 came to be shown in drawing 2 (b), and the optical intensity distribution of 
an image formation side came to be shown in drawing 3 (c). 

[0023] The optical reinforcement of a laser beam 12 has a high core, are the Gaussian distribution which 
becomes low exponentially in the direction of a path from a core, and the laser beam condensed through 
a convex lens 16 Laser-beam 12i passing through the central pinhole 25 Becoming the flux of light in 
connection with image formation with optical high reinforcement, conversely, laser-beam 12o passing 
through the ring-like hole 26 becomes the beam of the shape of a ring to which 1 / 21ambda phase was 
shifted to the light of laser-beam 12i of a core, and becomes the permeability distribution from which the 
phase shifted as shown in drawing 2 (b). 

[0024] And these laser beams 12i and 12o carry out image formation to the focal plane of a sample 24 
through an objective lens 21 . 

[0025] At this time, image formation of the image of laser-beam 12i of a core is carried out to the shape 
of a ring in which laser-beam 12o of the shape of a surrounding ring also spread as a spreading 
diffraction figure, and since 1/2 lambda-wave length shift of the phase contrast are carried out, it 
interferes in overlapping Susono, and it is negated and suits. 

[0026] Consequently, as the optical intensity distribution of drawing 2 (c) show, on a focal plane, the 
pattern of a main zero-order light which sharpened very keenly appears. Moreover, even place [ from 
which the focus separated a little ], the lap of Susono becomes large by focal gap, and as a result, 
although peak intensity falls a little, the zero-order peak which does not have great difference as a beam 
diameter appears. 

[0027] Moreover, even if it changes a focus into 0-1.5 micrometers, main optical reinforcement becomes 
what has the deep depth of focus in order not to fall. 

[0028] Consequently, the confocal microscope using a space phase filter can have now the description 
which disagrees with high stability and resolution in configuration observation of a sample without 
height, dimension measurement, etc. by obtain the minor diameter spot which throws away the high 
resolution of the direction of a focus which is that description, and is seldom related to focal migration. 
[0029] 

[Effect of the Invention] Above, in short, according to this invention, a spot size smaller than a 
diffraction limitation is obtained, and the depth of focus is deep and two-dimensional measurement of 
the degree of super-**** can be performed. 
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